INTRODUCTION
The study of the spatial distribution of organisms is essential for management and conservation of populations and communities (1, 2) . Usually, management decisions are based on crude maps, using polygons that enclose known occurrences generated from records of flora and fauna collections, scientific papers, and informal reports (3) . These maps generally have deficient spatial statistics analysis (4) .
Commonly, the negative binomial and Poisson probabilistic distribution are used to determine the randomness of a spatial distribution. These methods consider the frequency of individuals per unit area by default. A different method for determining the spatial distribution of organisms is "SADIE" (Spatial Analysis for Distance Index). This method indicates the heterogeneity in the spatial distribution for organisms, and evaluates the randomness of interactions between individuals. SADIE analyzes the spatial pattern of counts data, and measures the clustering of the data as patches or gaps (5) .
SADIE uses information on two coordinates and data in the form of counts (5) . This software permits calculating an aggregation index (Ia). SADIE also generates information of spatial associations between two populations estimating the contribution of each sample unit to the overall correlation coefficient called "X" (2, 5) . This system has been used to analyze different types of associations, such as the nurse plant phenomenon (4,6), models of space-time relations (7) and patterns of infection (8) . The development of detailed, fine scale and validated maps is preponderant to improve management decision procedures. The aim of the study cases presented in this paper is to provide an integrated technique that involves the use of spatial indices and gap analysis with the aim of study the spatial distribution and spatial association of plant species in central México.
MATERIALS AND METHODS

Study areas
Three wild species from arid and semiarid environments in central México were selected to perform studies involving spatial analysis; two small endangered cacti (Ariocarpus kotschoubeyanus and Mammillaria mathildae) and an Agave complex (Agave americana and A. salmiana).
1. The population of A. kotschoubeyanus inhabit a small region of the Municipality of Cadereyta, Querétaro (20° 41' 14.8'' N and 99° 35' 21.1'' W). The climate is partially temperate dry (BS1k) with an average annual precipitation of 535 mm, and the vegetation is a xeric mycrophyle shrubland. This type of vegetation is typical of lutite soils with medium slopes; the most frequent species are Acacia vernicosa, Fouquieria splendens, Larrea tridentata and Prosopis laevigata (9) .
2. Mammillaria mathildae inhabit at North of Querétaro City, between 20° 41' 35.2" N and 100° 27' 16.4" W (10). The climate is BS1k (partially dry temperate); the average temperature is 18°C and average annual precipitation is 549.3 mm (11) . Around Queretaro City, remnant tropical deciduous forests and xerophilous shrub persist with Bursera fagaroides, Cedrela dugesii, Ceiba aesculifolia, Prosopis laevigata and Ipomea murucoides as dominant tree species. During the rainy season, abundant shrubs considerably increase their foliage (e.g. Anisacanthus quadrifidus, Calliandra eriophylla, and Jatropha dioica). Soil is scarce with good drainage, and the area is composed of igneous rocks (12) .
3. The Agaves species complex is located in the Sierra of "El Doctor", an area that forms part of the Sierra Madre Oriental; it belongs to the Espolón-Cerro del Ángel (13) . Its vegetation is comprised by Quercus, Pinus and Juniperus forests. The climate is C(w 2 ) that corresponds to temperate sub humid with an annual temperature of 14° C and an annual precipitation of 874.6 mm (14) .
Management categories for Agave spp. populations
The criteria base for the management categories were centered on the type of vegetation patches where agave populations were found. Therefore, three management intensities were detected: 1) incipient management. 2) In situ management which belongs to locations with intermediate management; and 3) cultivation that is referred to the intense management (ex situ) where the farmers extract the products and they re-plant. "Sánchez-Maqueda" is a location with incipient management i.e., considered a conserved place due to its vegetation and Agave population's characteristics. The locations belonging to "Los Hernández" and "Los Juárez" possess patches of vegetation of Agave species with low replanting and pruning; due to this the type of management is in situ. Finally, "Chavarrías" and "El Doctor" are cultivation zones where the dominant vegetation is Agave sp.
Spatial analysis
SADIE was used to obtain the association index between the selected species and neighboring flora. Using this program an aggregation index (Ia) and the spatial association index of two populations (, Greek chi) were calculated, and tested for aggregates or random distribution. Data show aggregated distribution if Ia  1, regular distribution with an Ia  1, and random arrangement if Ia ≈ 1. Species may be spatially dissociated when   0, associated if   0; or present a random placement when  = 1 (2, 5) .
Data for A. kotschoubeyanus were registered in four consecutive plots of 100 m 
Mammillaria mathildae
Spatial distribution of M. mathildae presented an aggregated distribution. The V i values for M. mathildae, Bursera fagaroides and Senna polyantha indicate their strong tendency to form patches (Table  2) . Tropical deciduous forest exhibited a canopy cover without clear gaps, but with a shading pattern that can drastically vary, leading to the aggregate spatial distribution of the sensitive species, this phenomenon facilitates nurse-plant interactions (4). Canopy architectures of each species have particular shading patterns which vary in intensity, S. polyantha produced the less intense shading while Prosopis laevigata generates more profuse shading. Both shading pattern did not favor the establishment of M. mathildae, as shown by the association indexes (Table 3) ; under such conditions M. mathildae cannot germinate (16), since cactus seeds are positively photoblastic (17) . On the other hand, B. fagaroides generated favorable microclimate for germination and establishment of M. mathildae. Suzán SADIE demonstrated that M. mathildae was strongly associated with B. fagaroides and Lysiloma microphylla. Its association with Myrtillocactus geometrizans was positive, but not significantly (table 2) . In contrast, P. laevigata and S. polyantha are not associated with this cactus. M. mathildae was associated to B. fagaroides, both dissociated from S. polyantha; these tree species tend to aggregate forming clearly differentiated patches within the vegetation. During field surveys this characteristic was useful in locating significant patches of associated trees that grew in visible uplift rocks, allowing us to ignore sites with high densities of non associated flora. Following this procedure, location of cactus populations was highly efficient. Survey time for locating M. mathildae was reduced from 86 man-hours to 2-10 man-hours. Table 2 . Aggregation index (Ia) and association index () of M. mathildae and neighbor vegetation Species Figure 3 shows the map of spatial distribution of the sites under cultivation and no intensive management. The clustered distribution of Agaves is the result of its modular architecture.
The local association () shows that Agave species are disassociated. This involves little or no competition between species by nutrients or space. In the preserved site Agave salmiana shows a tendency to dissociation with Juniperus monosperma (=-0.1034, P= 0.8738) and with Pinus cembroides (=-0.3025, P= 0.9993). In both cases, the species of Agave is neutral in space with two representative tree species. At the in situ management sites similar results were detected since strong spatial dissociation were detected with important tree species (Pinus, Juniperus and Quercus), and a lack of positive association with other species of the community.
CONCLUSIONS
Spatial analysis techniques proved to be an efficient method for the basic characterization of plants populations from arid and semiarid environments, especially for those species endangered or in risk. The method also provides important information about spatial interactions between species such as facilitation or competition, and therefore, for in situ management of the target species. 
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